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ORIGINAL ARTICLE
Purpose: This study was designed to evaluate the efficacy of a fat clearing technique 
for accurate nodal staging of rectal cancer patients after preoperative chemo­
radiotherapy (CRT). 
Methods: A total of 19 patients with rectal cancer within 10 cm from anal verge 
were divided into two groups: non­CRT group (n = 10) and CRT group (n = 9). For 
pathologic assessment, lymph node (LN) harvest was performed using conventional 
manual dissection followed by a fat clearing technique. 
Results: A median of 3.0 additional LNs in non­CRT group and 3.8 LNs in CRT 
group were identified by the fat clearing technique. When subanalysis was performed 
in patients with fewer than 12 retrieved LNs, a median of 4.0 extra LNs in non­CRT 
group and 3.5 extra LNs in CRT group were identified after the fat clearing 
technique. None of additionally identified nodes were metastatic. In both groups, the 
median size of retrieved LNs following the fat clearing technique was smaller than 
that obtained by manual dissection (2.0 mm vs. 3.0 mm, P < 0.001).
Conclusion: The fat clearing technique allowed detection of additional LNs that were 
missed by the manual method, but these detected LNs were not proven to be 
metastatic.
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INTRODUCTION
Preoperative chemoradiotherapy (CRT) followed by total mesorectal excision has 
become a standard way of management of advanced rectal cancer. Both the oncologic 
outcomes and the chance of sphincter preservation surgery have been improved with 
this approach [1­4]. The presence of metastasis in regional lymph nodes is known to 
be the most potent prognostic factor after preoperative CRT [4­6]. Examination of 
an adequate number of lymph nodes is a crucial step to prevent understaging. It has 
been reported that preoperative CRT reduces the number of harvested lymph nodes 
in rectal cancer specimens [7­9] and the incidence of fewer than 12 examined lymph 
nodes was more frequent after preoperative CRT. Reduction of lymph node size 
might be the main reason for the decreased number of harvested lymph nodes in the 
irradiated specimens worked up with conventional manual dissection [6,10,11]. 
The fat clearing technique has been suggested to facilitate identification of lymph 
nodes in mesorectum of specimens. Several investigators have reported that the 
number of lymph nodes examined per specimen is increased when using the fat 
clearing technique compared with the manual method, with reported increases from 
6.1 to 18.9 [12], 3.1 to 10.6 [13] and even from 21.2 to 73.3 lymph nodes [14]. However, 
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despite a strong expectation that retrieval of more lymph 
nodes will enhance the accuracy of staging after preoperative 
CRT, there are few studies that validate the clinical efficacy of 
the fat clearing technique. 
The aim of this study was to evaluate the efficacy of 
the fat clearing technique for accurate nodal staging after 
preoperative CRT in rectal cancer patients.
METHODS
Study population
A total of 19 patients who were diagnosed with primary 
rectal cancer between June 2008 and December 2009 were 
enrolled in this prospective pilot study. All patients had 
histologically proven adenocarcinoma of the rectum with 
the tumor located within 10 cm from the anal verge. The 
following patients were excluded; 1) patients with past history 
of abdominal or pelvic surgery and/or irradiation, 2) patients 
with recurrent cancer, 3) patients who were administrated 
immunosuppressants including steroids, 4) patients with tumor 
confined to the mucosal layer, 5) patients who underwent 
endoscopic resection of a primary tumor in the rectum.
Among the 19 patients eligible for this study, 10 patients 
without preoperative CRT were categorized into non­CRT 
group and nine patients with preoperative CRT were classified 
as CRT group. 
Preoperative CRT was performed with a 5­fluorouracil 
(5­FU)­based regimen and concurrent pelvic radiation. The 
total radiation dose was 5,040 cGy with 25 fractions of 180 
cGy/day, 5 days per week, over 5 weeks using the four­field 
box technique. A total of 4,500 cGy was given to the pelvis 
followed by an additional 540 cGy to the tumor bed. 5­FU 
was given intravenously at a dose of 425 mg/m2/day during the 
first and fifth weeks of radiotherapy. 
All patients underwent traditional total mesorectal excision 
with lymph node dissection 6 to 8 weeks after chemoradiation. 
Two colorectal surgeons with experiences over 300 cases of 
rectal cancer were participated in this study. Both laparoscopic 
and open surgical approaches of rectal cancer were included. 
The extracted specimens were staged by experienced 
pathologists according to the American Joint Committee on 
Cancer 7th system. 
Fat clearing technique
For pathologic assessment, lymph node harvest was per­
formed by two steps. First, all specimens were processed 
by conventional manual dissection for regional lymph node 
assessment after fixation in 10% formalin for 24 hours. For 
subsequent fat clearing, the remaining tissue was placed in 
a clearing solution (99.9% alcohol) for 24 hours, embedded 
in 99% acetone for 24 hours, and immersed in xylene for an 
additional 24 hours.
Sections (3­mm thickness) of all dissected lymph nodes 
were made from paraffin­embedded blocks and stained with 
hematoxylin and eosin. After the fat clearing technique, the 
lymph nodes were detected as chalk white foci against the 
background of yellow fat tissue [15]. Microscopic examination 
was performed by pathologists and the number and size of all 
retrieved lymph nodes were measured. 
Statistical analysis 
All statistical analysis was performed using the IBM SPSS 
ver. 18.0 (IBM Co., Armonk, NY, USA). Categorical variables 
were analyzed using chi­square test or Fisher exact test, and 
continuous variables were analyzed using Mann­Whitney 
U test. A value of P < 0.05 was considered statistically 
significant. 
Table 1. Patient demographics
Variable Non-CRT (n = 10)
CRT 
(n = 9) P-value
Gender 1.0a)
Male 7 7
Female 3 2
Age (yr), mean ± SD 64.9 ± 11.2 60.1 ± 7.9 0.303
Operation procedures 0.474a)
Sphincter-saving procedure 10 6
Abdominoperineal resection 0 3
Tumor size (cm), mean ± SD 4.160 ± 1.554 3.357 ± 0.907 0.241
Histologic gradeb) 0.737a)
G1 and G2 9 8
G3 and etc. 1 1
(y)p T stage 0.264a)
0 0 2
1 0 0
2 3 2
3 7 4
4 0 1
(y)p N stage 0.170a)
Node negative 4 7
Node positive 6 2
CRT, chemoradiotherapy; SD, standard deviation.
a)Fisher exact test. b)Histologic grade. G1, well differentiated; G2, moderately 
differentiated; G3, poorly differentiated; etc., mucinous or signet ring cell.
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RESULTS
The characteristics of each group are shown in Table 1. 
There was no statistically significant difference between the 
two groups.  
Retrieved lymph node size and number after manual dissec­
tion and fat clearing technique
A total of 138 and 132 lymph nodes were obtained in non­
CRT and CRT group respectively by manual dissection. In 
non­CRT group, 14 of 138 lymph nodes were proven to be 
metastatic lymph nodes, compared with 6 of 132 lymph nodes 
in CRT group. The median number of total retrieved lymph 
nodes by manual dissection was 13.5 in non­CRT group 
and 14.0 in CRT group (P = 0.971). The median number of 
metastatic lymph nodes was 1.0 in non­CRT group and 0 in 
CRT group (P = 0.182) (Table 2). 
After the fat clearing technique, a total of 36 additional 
lymph nodes, corresponding to a median value of 3.0, were 
retrieved in non­CRT group and a total of 35 additional lymph 
nodes (median, 3.0) were harvested in CRT group. However, 
there were no metastatic lymph nodes among these additional 
retrieved nodes.
When performing manual dissection only, three patients in 
non­CRT group and four patients in CRT group had fewer than 
12 retrieved lymph nodes. In patients with fewer than 12 retrieved 
lymph nodes, a median of 4.0 additional lymph nodes were 
detected after the fat clearing technique in non­CRT group and 
a median 3.5 additional lymph nodes were harvested in CRT 
group. However, there were no metastatic lymph nodes among 
the additional harvested lymph nodes. In patients who had 
more than 12 lymph nodes removed, a median of 3.0 additional 
lymph nodes were retrieved after the fat clearing technique 
in both groups (Table 3). Regardless of the recommended 
retrieval of 12 lymph nodes, there was no statistically significant 
difference in additional lymph nodes retrieved using the fat 
clearing technique between the two groups. 
In both non­CRT and CRT group, the median size of 
retrieved lymph nodes by manual dissection was larger than 
that of nodes obtained using the fat clearing technique (3.0 Table 2. Comparison of metastatic and retrieved LNs between the two 
groups
Variable Non-CRT (n = 10) CRT (n = 9) P-value
Manual dissection
No. of metastatic LNs 1.0 (0–3)    0 (0–3) 0.182a)
No. of retrieved LNs 13.5 (7–23) 14.0 (4–30) 0.971a)
Fat clearing technique
No. of metastatic LNs 0 0 N/A
No. of retrieved LNs 3.0 (0–8) 3.0 (0–7) 0.796a)
Total
No. of retrieved LNs  16.5 (11–30) 17.0 (7–37) 0.875a)
Values are presented as median (interquartile range).
LNs, lymph nodes; CRT, chemoradiotherapy.
a)Mann-Whitney U test.
Table 3. Comparison of retrieved LNs between patients with <12 LNs and 
≥12 LNs
Fat clearing technique P-value
<12 LNs <0.629a)
Non-CRT group (n = 3) 4.0 (3−6)
CRT group (n = 4) 3.5 (2−6)
≥12 LNs <0.755a)
Non-CRT group (n = 7) 3.0 (0−8)
CRT group (n = 5) 3.0 (2−7)
Values are presented as median (interquartile range). 
LNs, lymph nodes; CRT, chemoradiotherapy.
a)Mann-Whitney U test.
Fig. 1. Median size of retrieved lymph nodes with or without fat clearing technique in (A) non-CRT group, and in (B) CRT group. CRT, chemoradiotherapy.
Im–Kyung Kim, et al: Fat clearing technique in rectal cancer
 Journal of the Korean Surgical Society 33
mm vs. 2.0 mm, P < 0.001 for both groups) (Fig. 1).
DISCUSSION
This study revealed that the fat clearing technique was 
useful for detecting small lymph nodes that were missed by 
the manual dissection technique. However, retrieval of more 
lymph nodes by the fat clearing technique was not related to 
migration to advanced stage disease. 
In management of locally advanced rectal cancer, preopera­
tive CRT has been regarded as a standard treatment based on 
proven benefit [2,16]. However, preoperative CRT is associated 
with decreased number of examined lymph nodes [8,17­
19]. This has the potential risk of understaging, which may 
result in an inappropriate decision for postoperative adjuvant 
therapy or inaccurate prediction of the patient’s prognosis. The 
main reason of decreased number in harvested lymph nodes 
after preoperative CRT is the decreased size of lymph nodes 
[8,17]. Irradiation of lymphoid tissue causes complete atrophy, 
lymphocyte depletion, or mesenteric fibrosis, which ultimately 
leads to size reduction of lymph nodes [6­8,20]. 
For the reason, several efforts have been tried to increase 
the number of harvested lymph nodes, even there is no 
standard guideline regarding adequate number of examined 
lymph nodes after preoperative CRT. Since it was first 
described by Gilchrist and David in 1942, additional retrieval 
of lymph nodes with the fat clearing technique has been 
reported to range from 7 to over 50 extra lymph nodes [12­14]. 
In addition, fat clearing technique makes it possible to identify 
lymph nodes smaller than 4 mm in maximum diameter [21,22]. 
Although the fat clearing technique has been proposed as 
a useful tool for accurate nodal staging in rectal cancer, there 
has been little effort to apply this technique in patients who 
undergo preoperative CRT. Wang et al. [6] reported that the 
fat clearing technique resulted in an increase in overall total 
number of dissected lymph nodes and the number of positive 
lymph nodes in a neoadjuvant group. They found an increase 
in retrieved lymph nodes from 5.2 to 20.4 in the neoadjuvant 
group and an increase in the number of metastatic lymph 
nodes from 0.4 to 1.2. 
Based on recent analysis of Surveillance, Epidemiology, and 
End Results (SEER) database, the mean lymph node harvest 
was reported as 10.2 in stage II and 12.9 in stage III rectal 
cancer [23]. Especially, mean 10.1 lymph nodes were harvested 
in patients without radiation, whereas mean 8.3 lymph nodes 
were retrieved in patients after preoperative CRT. In the 
current study, a median 14.0 lymph nodes per patient were 
harvested from the resected specimen after preoperative CRT 
by the traditional manual method and an additional median 
3.0 lymph nodes were obtained by the fat clearing technique. 
Compared with previous results, the number of retrieved 
lymph nodes by manual dissection was higher, whereas that 
of additional lymph nodes harvested after the fat clearing 
technique in our study was relatively low. However, previous 
studies that reported upstaging after the fat clearing technique 
[6,12,21,24], did not mention the size of retrieved lymph 
nodes, which paradoxically can interfere with the quality of 
traditional manual dissection. In our study, the median size of 
lymph nodes retrieved by manual dissection in patients who 
received preoperative CRT was 3.0 mm. This small size might 
reflect the fact that one certified pathologist who specialized 
in colorectal disease performed precise pathologic assessment 
by manual dissection and may explain the relatively small 
additional benefit of fat clearing.
Despite the efficacy of the fat clearing technique in retrie­
ving an adequate number of lymph nodes, clinical impact of 
this method has been controversial. With consideration of time­
consuming procedure, there is no consensus that the fat clearing 
technique is superior over manual dissection and precise manual 
dissection by a specialized pathologist is expected to provide 
adequate detection of metastatic lymph nodes. 
In addition, the clinical significance of small lymph nodes 
should be considered. We found that the median size of 
lymph nodes in patients with preoperative CRT after the 
fat clearing technique was significantly smaller than that of 
lymph nodes retrieved by manual dissection. This means 
that additional lymph nodes that were missed in the manual 
dissection technique due to their small size can be harvested 
by the application of the fat clearing technique. However, 
there is a linear relationship between node size and detection 
of metastases [25] and the majority of missed lymph nodes 
were smaller than 2 mm in this study, it appears that the 
traditional manual method can identify metastatic lymph 
nodes well enough to establish accurate nodal staging. It is 
possible that small metastatic lymph nodes might be sterilized 
by preoperative radiation and, as a result, comparatively larger 
metastatic lymph nodes would be left even after preoperative 
CRT. Nevertheless, these findings should be validated with 
further large­scale studies.
In conclusion, our data demonstrated that the fat clearing 
technique allowed detection of additional lymph nodes that 
were missed by the manual method, but these detected lymph 
nodes were not proven to be metastatic. Therefore, the fat 
clearing technique did not show clinical efficacy to migration 
to the advanced postoperative stage after preoperative CRT.
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